Abstract In the Introduction we briefly recall our previous results on stationary electromagnetic fields on black-hole backgrounds and the use of spinweighted spherical harmonics. We then discuss static electric and magnetic test fields in a Schwarzschild background using some of these results. As sources we do not consider point charges or current loops like in previous works, rather, we analyze spherical shells with smooth electric or magnetic charge distributions as well as electric or magnetic dipole distributions depending on both angular coordinates. Particular attention is paid to the discontinuities of the field, of the 4-potential, and their relation to the source.
even permitting to write down the energy-momentum tensor using classical distributions. A possibility to circumvent these problems is to consider test dipoles as we do in the present paper.
In this context we realized that we are not aware of an example of a surface distribution of dipoles in a curved background, or even of a general surface distribution of (monopole) test charges which do not share the symmetry of the background. In this note we construct simple examples of charges and dipoles distributed on spherical surfaces (shells) in a Schwarzschild background. We use the general vacuum stationary electromagnetic fields on the Schwarzschild background given in [8] and formulate appropriate junction conditions. We are also interested in dipole distributions on the spheres, so we have to calculate 4-potentials of the vacuum fields, which was not done in the original work [8] . Since here we discuss distributions on spherical surfaces in the spherically symmetric background, the results are neat and simple, resembling the results in classical electrodynamics in flat spacetime. In a future paper [18] , we turn to general dipole layers in general spacetimes.
Stationary fields in a Schwarzschild background
We discuss solutions of electromagnetic test fields in a Schwarzschild background with curvature coordinates (x µ ) = (t, r, θ, ϕ):
We also allow magnetic sources in order to be able to describe magnetic dipole shells, so the Maxwell equations read
where the indices (e/m) distinguish the electric/magnetic quantities. We also include magnetic monopoles for mathematical purposes since this will allow us to describe charge distributions depending on ϕ in an easy way. In the absence of either magnetic or electric sources an electric 4-potential
α,β can be introduced. However, we will solve the Maxwell equations for the field directly and only afterwards integrate the fields to obtain the 4-potentials in order to verify jump conditions. It is useful to introduce the complex 4-current J α , 4-potential A α , and Maxwell tensor F αβ
The equations for general electromagnetic test fields in a Kerr background were given within the NP formalism in the well-known paper by Teukolsky in [7] . 4 Using a separation technique, relying heavily on the spin-weighted spherical harmonics introduced by Goldberg et al. in [1] , general stationary solutions were given as series expansions for sources on the Schwarzschild background in [8] . Before we discuss our solutions we repeat briefly some of the formalism we are going to need and refer the reader for details to [8, 9] . In the Schwarzschild spacetime the NP null tetrad used is given by
where a bar denotes complex conjugation. The Maxwell tensor F αβ expressed in terms of the three complex NP quantities φ 0 , φ 1 , φ 2 reads
Thus from the solutions for φ i , given explicitly below in Eqs. (8), we can calculate the field F αβ and afterwards the four potential A (e/m) α
. Taking into account that the coefficients of the φ i in (5) are self-dual, i.e., they satisfy * A αβ = −iA αβ , we rewrite (5) in the complex form
Hence, to obtain the entire information about the field it is sufficient to study just the time-space components of the self-dual tensor F αβ given by
Let r 1 be the supremum and r 2 the infimum of the radii, such that points (t, r, θ, ϕ) lying in the support of J α have r ∈ (r 1 , r 2 ). The electromagnetic field of a source with 2M < r 1 < r 2 < ∞ is given in the region 2M ≤ r < r 1 by
3 In contrast to [8, 9] , we use here
whereas for r > r 2 it reads (see [8] for the detailed calculations). The constant Q = Q (e) + iQ (m) is the complex combination of the total electric charge Q (e) and magnetic charge Q (m) . The constants a lm and b lm are also determined by the source via
where J lm -vanishing for r / ∈ (r 1 , r 2 ) -is defined in terms of the complex 4-current J α as follows, cf. (3):
The constants κ lm are given by
. In vacuum regions we can introduce a complex 4-potential A α . For stationary sources we can integrate F αβ = A β,α − A β,α for the time component A t . Using equations (7) and (8) we obtain r < r 1 :
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The constants A t0± represent the remaining gauge freedom of the potential. These potentials are new -they were not calculated in [8, 9] since the field contains usually all needed information, however, for discussing dipole shells, it is important to know the potentials. For completeness we give also the remaining components of the 4-potential obtained by a separation ansatz. They read for r < r 1
and for r > r 2
The arbitrary functions g lm (θ) and h lm (θ) give some of the gauge freedom, e.g., the Lorenz gauge is achieved in the vacuum region with the choice g lm (θ) = h lm (θ) = 0. In general, we could have assumed a t-dependent and a general ϕ-dependent gauge function.
A direct approach for spherical shells
We now apply the solutions described above to the sources characterized by a 4-current
where indices l and m label the source, Y lm denotes a spherical harmonic and ξ α is the timelike Killing vector of the Schwarzschild metric. If m = 0 the 4-current is real, i.e., it consists just of an electric part. If it is complex one has 7 also magnetic parts. In order to obtain a 4-current which is proportional to ξ α like in (14) we need a stationary source, i.e., at least the spatial components of the net current must vanish. Nevertheless, two components which, for example, counter-rotate would also be admissible but we restrict ourselves here to a source which is at rest with respect to the Schwarzschild coordinates. Such sources consist of electric and magnetic parts. For such sources the sums, like in (8), reduce to a single term and the calculations can be handled more easily. These sources form a complete set over the unit sphere which allows us to generalize the results to arbitrary sources.
If a purely electric (magnetic) stationary source is considered, only an electric (magnetic) field arises which amounts to taking the real (imaginary) part of the right-hand sides of equation (7). This means taking a combination of fields produced by currents J α and J α .
Although most of our results hold for a general f lm (r), we concentrate in particular on spherical thin shells with radius r 0 covered by generally distributed electric/magnetic charge densities or by electric/magnetic dipole densities. The sources of such shells are respectively given by
We give a detailed derivation 4 of the exact form of J α Di including general backgrounds and non-stationary sources in another paper [18] . The vectors e 
where u a is the velocity of the sources within the hypersurface Σ, σ (e/m) is the electric/magnetic rest surface charge density and d (e/m) the rest surface dipole density. For stationary sources we have u a e α a ∝ ξ α and thus u a = 4 Note that the definition of δ-distribution is such that for any test function f the integral over a spacetime region Ω in the Schwarzschild coordinates yields 
whereσ lm are complex constants. Then the electric and magnetic charge densities become σ lm (θ, ϕ) =σ lm Y lm (σ, ϕ). Analogously, for shells covered by dipoles we obtain
Applying formulas (4)- (10) given in Section 2 to the sources (14) we get for the Maxwell tensor for l = m = 0 5 r < r 1 :
independently of f 00 (r). Of course, outside of a spherical symmetric distribution only the total charge is important, not its radial distribution. Note that this field coincides with the field obtained in electrostatics in flat space. Furthermore, if a spherical shell endowed with a constant dipole density is considered, i.e., Q = 0 and (14) holds together with (18) , there is no field present like in flat space. Therefore, the existence of such a dipole layer can be proven only by examining the trajectories of particles crossing it but not by measuring a distant field. Given sources (14) 
For example, the field of the source with (l, m) = (1, 0) can be simplified for r < r 1 to read F tr = (E 0 + iB 0 ) cos θ, F tθ = −(E 0 + iB 0 )(r − 2M ) sin θ,
where E 0 = −a 10 3 π . This solution coincides with the standard asymptotically homogeneous electric and magnetic field. In the limit r 1 → ∞, J α 10 provides a source of this field. In [18] we discuss a disc source generated by such a field.
